The promise of robust software that can self-manage significant aspects of its operation, including the ability to self-configure, self-heal, self-optimise and self-protect through having the requisite functionality to respond and adapt to changes in its operational environment is both seductive and compelling. There are a growing number of examples of partial implementations appearing in the literature and continued development across a number of areas can be expected in the future.
INTRODUCTION
Over recent years, the increasing richness and sophistication of modern software systems has challenged conventional designtime software modelling analysis and has led to many studies exploring non-conventional approaches particularly those inspired by nature.
The natural world routinely produces organisms that can not only survive but flourish in changing environments as a consequence of their ability to adapt and therefore improve their fitness in relation to the external environments in which they exist.
It is not sufficient to produce systems that merely "react" to the environment but rather to develop systems that can search and learn from the environment to produce better responses to environmental challenges. Burgess suggests that "biology is nothing more than a colossal search algorithm, seeking organisms that can fit into an environment and play some role in the ecological network" (Burgess, 2007) . If this is indeed the case then these searching capabilities are a desirable property of robust software systems.
Van Valens "red queen effect" of evolutionary theory describes the process whereby a species facing increased competition from its rivals will attempt to evolve to improve performance and ensure survival. Successful evolution results in increased competition for its rivals prompting a reactive evolution to improve their own performance, which again leads to increased competition for the original species and the cycle continues (Van Valen, 1973) . It does not require much of a stretch of the imagination to view computer systems as being subjected to their own form of on-going, accelerating red queen effect, as changing environmental conditions and an intensifying pursuit of optimised performance demands the iterative emergence of ever sleeker, fitter systems to manage instability and turbulence.
A CYBERNETIC VIEW OF THE ENVIRONMENT AND ITS MODELS
Many of the issues discussed by the autonomic self-adaptive software community in making complex systems that are both robust and able to adapt to environmental change have long been a significant area of study in cybernetics.
Cannon introduced the term homeostasis or "steady state" in 1932 to describe the coordination and co-operation between physiological processes in the human body involving the brain, nervous system, the heart, lungs, kidneys and spleen etc. to achieve a condition, which is relatively stable. He also suggested that "the perfection of the process of holding a stable state in spite of extensive shifts of outer circumstances in not a special gift bestowed upon the highest of organisms but is the consequence of a gradual evolution" (Cannon, 1932) Therefore, to some extent, homeostasis could be considered to be "learned" through an evolutionary process. Animals and the natural world are a rich source of inspiration for cybernetic study in an attempt to understand systems of varying complexity and how they respond to environmental change both to maintain homeostasis and also to explore their environments to gain advantage from opportunities provided there. If the essence of how this is achieved can be captured then this may prove to a valuable contribution to the development of environmentally aware, self-managing software.
Beer established a subset of the field of cybernetics, namely managerial cybernetics, which attempted to apply cybernetic principles to the management of human organisations. The main vehicle of managerial cybernetics was the Viable System Model (VSM) (Beer S. , 1985) , which attempted to ensure the "viability" of organisations by providing a "cybernetic model of organisation". Beer had himself suggested that "complexity is the very stuff of today's world" (Beer S. , 1975) and therefore any viable system would need to be able to manage complexity effectively. In a control system variety, such complexity is considered as variety as defined by Ashby (Ashby, 1956) and is encountered in two main ways:
• The variety in terms of the potential number of disturbances that can potentially confront a system.
• The variety in terms of the potential number of responses (or actions) that the control system can "respond" with to counteract the effect of the disturbance and maintain homeostasis.
Ashby's view was that any control mechanism must have sufficient variety in terms of its responses when compared to the variety of the disturbances that it faces to maintain effective control of the system. This has been often quoted as that "only variety can destroy variety" (Ashby, 1956) . Variety is often considered as one of the measures of complexity and therefore a requirement of viable system would be the ability to manage the variety within the environment.
The VSM has subsequently been mapped onto a diverse range of business organisations and indeed a whole country (Beer S. , 1995) . Cybernetic thinking may provide a solution to this management of complexity from an autonomic computing viewpoint. Viable systems have been defined as "being robust against internal malfunction and external disturbances and have the ability to continually respond and adapt to unexpected stimuli allowing them to survive in a changing and unpredictable environment" (Laws, Taleb-Bendiab, Wade, & Reilly, 2003) .
Leonard states that as the system is being buffeted by events in the environment it must have "the capacity to adapt in order to cope with them. The success of that adaptation depends on the quality of the system's intelligence about the environment and the resources available to make use of that intelligence" (Leonard, 2009 ).
These attributes again mirror many of those required for robust autonomic software and therefore lends weight to the potential benefits of using cybernetic theory for such system development.
The concept of viable systems that can adapt to changing environments would seem to be applicable to the development of effective adaptive software systems especially as one of the features of the VSM is its recursive nature, which makes it scalable to systems of increasing size and complexity. Schuhmann suggests that systems are "produced by observations, which are generated by their system. A system is always an observer that gives birth to itself and vice versa. Enlightenment enlightens itself" (Schuhmann, 2004) . The prototype system reported in this paper uses the concept of observing and learning from the environment to provide a model of the environment for the particular system at a particular moment in time. This sense of the environment becomes central to the process of successful adaptation in that a cybernetic view would maintain that "in order to make adaptation possible, the environment provides much of the determination about how the organism should act" (Bowker & Chou, 2009 ).
The field of cybernetics appears to have great applicability as an important piece of the self adaptive puzzle as its primary focus is based on understanding complex systems and the maintenance of homeostasis within those systems. Also, much of the fundamental underpinning behind cybernetics comes from the natural world and the complex systems within it. As the natural world is adept at producing robust and fit solutions to overcome the problems associated with environmental change then we should seek to use the millions of years of experience that nature has provided us with.
The Viable System Model provides a framework for designing complex yet inherently robust systems and appears to have applicability to the design of software systems as outlined by Laws et al. (Laws, Taleb-Bendiab, Wade, & Reilly, 2003) . System 4 of the Viable System Model is of most interest to this particular research problem and fundamentally requires that a system holds both a model of the environment and also a model of the internal capability of the system. This element will inform many of the requirements, of environmental management, of the prototype system such as detecting a change in context or a change in needs but also knowing the space of adaptations that the system can effect.
By using cybernetic principles and conceptualisation of the environment a learning approach was developed that will enable the prototype system to develop both a current model of the environment and the internal capability of the system and use this information to make "good" decisions in relation to environmental change.
AN APPROACH TO PROVIDE AN ADAPTIVE MODEL OF THE ENVIRONMENT
The essence of the prototype is summed up by a desire to "satisfy" classical cybernetic thinking that both
"Every good regulator of a system must be a model of that system"
Ashby's Law of Requisite Variety "In order to adequately compensate perturbations, a control system must "know" which action to select from the variety of available actions"
Aulin's Law of Requisite Knowledge (Aulin, 1982) While having sufficient variety within the control system to respond to disturbances is necessary for control, it is not sufficient. The regulating system must also know which action to The initial rando LCS message ac seen there is app position.
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The project work satisfies not only the original "classical" definitions as provided by Ashby and Aulin (Aulin, 1982) but also the revised requirement to evolve this concept of requisite variety and knowledge in response to environmental change.
The performance of the Environmental Modelling, Monitoring and Adaptive system (EMMA) prototype demonstrated the applicability of the approach for holding current and adaptive models of the external environment and internal capability of the system.
Overall, the EMMA prototype demonstrated its ability to manage the major environmental modelling and control functions required by software systems. It emphasised the considerable challenges still facing researchers and software developers to solve large complex problem domains before the full realisation of the vision of truly autonomic environmental aware software systems.
CONCLUSIONS AND FUTURE WORK
The evaluation of the project work and experimental results has demonstrated the potential of an evolutionary approach to developing models of the external environment and internal capability as demanded by S4 of the Viable System Model (VSM). It has also emphasised the potential value of "crossdisciplinary" approaches, such as managerial cybernetics, in providing both inspiration and "solutions" to the problems facing the autonomic computing community in finally producing truly autonomous large-scale systems.
However, the evaluation also equally demonstrates the difficulties that exist and the requirement for further work and experimentation to test scalability and applicability of this approach in a range of application areas.
The experimental work related to the development of the prototype has provided an immensely interesting and, at times, frustrating challenge and has demonstrated the complexity of the challenges still facing researchers in this area.
It is clear that the ability to realise the vision of building a large scale, fully autonomic computing system still has many hurdles to its successful conclusion.
A logical next step would be to integrate System 5 (primarily concerning with Policy making) into the prototype system. There are aspects of element in the prototype such as choosing life tax rates, bid tax rates and proportion select rates but it could be developed much further to ascertain the value of the VSM as a road-map for more general advancement in autonomic and self adaptive software systems
